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[001] This application claims the benefit of the Korean Patent Application No. 
2002-54536, filed on September 10, 2002, which is hereby incorporated by reference for all 
purposes as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[002] The present invention relates to a liquid crystal display, and more particularly to a 

method of fabricating a liquid crystal display having a storage capacitor with increased 

capacitance. 

Description of the Related Art 

[003] Generally, liquid crystal displays (LCD) display a picture by controlling light 

transmittance using electric fields. To this end, an LCD includes a liquid crystal display 

panel having liquid crystal cells arranged in a matrix, and a drive circuit to drive the liquid 

crystal display panel. The liquid crystal display panel is provided with a common electrode 

and pixel electrodes to apply an electric field to each liquid crystal cell. Typically, pixel 

electrodes are formed on a lower substrate in liquid crystal cells, whereas the common 

electrode is integrally formed on the entire surface of an upper substrate. Each pixel 

electrode is connected to a thin film transistor (TFT) that is used as a switching device. The 

pixel electrode along with the common electrode drives the liquid crystal cell in accordance 

with a data signal applied via the TFT. 
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[004] Referring to FIGs. 1 and 2, a liquid crystal display includes a TFT TP arranged at 
each crossing of data lines 4 and gate lines 2, a pixel electrode 22 connected to a drain 
electrode 10 of the TFT, and a storage capacitor SP located at an overlapping part of the 
pixel electrode 22 and the gate line 2. 

[005] The TFT TP includes a gate electrode 6 connected to the gate line 2, a source 
electrode 8 connected to the data line 4, and a drain electrode 10 connected to the pixel 
electrode 22 through a drain contact hole 20. Further, the TFT TP includes semiconductor 
layers 14 and 16 to form a channel between the source electrode 8 and the drain electrode 10 
by a gate voltage applied to the gate electrode 6. Such a TFT TP responds to a gate signal 
from the gate line 2 to selectively apply a data signal from the data line 4 to the pixel 
electrode 22. 

[006] The pixel electrode 22 is located at a cell area partitioned off by the data line 4 and 
the gate line 2, and is made from a transparent conductive material having a high light 
transmittance. The pixel electrode 22 generates a potential difference together with a 
common electrode (not shown) formed at an upper substrate (not shown) by the data signal 
applied through the drain contact hole 20. This potential difference causes liquid crystals 
located between the lower substrate 1 and the upper substrate (not shown) to rotate by their 
dielectric anisotropy. Accordingly, a light applied from a light source via the pixel 
electrode 22 is transmitted toward the upper substrate. 
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[007] The storage capacitor SP limits voltage variation in the pixel electrode 22. The 
storage capacitor SP includes a gate line 2, and a storage electrode 24 formed to overlap the 
gate line 2 with a gate insulating film 12 therebetween. The storage electrode 24 is 
electrically connected to the pixel electrode 22 through a storage contact hole 26 formed on a 
protective film 18. 

[008] A method of fabricating the liquid crystal display will be described in conjunction 
with Figs. 3A through Fig. 3E. 

[009] First, a gate metal layer is deposited on the lower substrate 1 and then patterned to 
form the gate line 2 and the gate electrode 6 as shown in Fig. 3 A. A first insulating material 
is deposited on the lower substrate 1 provided with the gate line 2 and the gate electrode 6, 
thereby forming the gate insulating film 12 as shown in Fig. 3B. First and second 
semiconductor materials are deposited on the gate insulating film 12 and then patterned to 
form an active layer 14 and an ohmic contact layer 16. 

[0010] Subsequently, a data metal layer is deposited on the gate insulating film 12 

and then patterned to form the data line 4, the storage electrode 24, the source electrode 8 and 
the drain electrode 10 as shown in Fig. 3C. Thereafter, a second insulating material is 
deposited thereon to form a protective film 18 as shown in Fig. 3D, and then the drain 
contact hole 20 and the storage contact hole 26 are formed to pierce the protective film 18. 
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[0011] A transparent conductive material is deposited on the lower substrate 1 

provided with the protective film 18 and then patterned to form the pixel electrode 22 as 
shown in Fig. 3E. 

[0012] The storage capacitor SP of the related art liquid crystal display is made up 

of the storage capacitor 24 and the gate line 2, which overlap each other having the gate 
insulating film 12 therebetween. In this case, the process becomes more complicated since 
a separate storage electrode 24 needs to be formed for the storage capacitor, increasing the 
probability that a pattern defect may be generated. 

[0013] In order to solve such a problem, the storage capacitor shown in FIGs. 4A 

and 4B is made up of the pixel electrode 22 and the gate line 2, which face each other with 
the gate insulating film 12 and the protective film 18 therebetween. In this case, since it is 
not necessary to form a separate storage electrode 24, there is an advantage in that the 
probability of generating the pattern defect is reduced. 

[0014] However, the distance between the electrodes 2 and 22 is greater when the 

storage capacitor is made up of the pixel electrode 22 and the gate line 2, with both of the 
gate insulating film 12 and the protective film 18 therebetween, than when the storage 
capacitor is made up of the gate line 2 and the storage electrode 24 with only the gate 
insulating film 12 therebetween. Accordingly, there is a problem in the related art having 
both of the gate insulating film 12 and the protective film 18, in that the capacitance of the 
storage capacitor is reduced because capacitance is inversely proportional to the distance 
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between the electrodes 2 and 22. In particular, when the protective film 18 is formed of an 
organic insulating material, as shown in FIG. 4B, to increase aperture ratio, the protective 
film 18 is relatively lower in dielectric constant and greater in thickness than when the 
protective film 1 8 is formed of an inorganic insulating material as shown in FIG. 4A. 
Therefore, there is a problem in that the capacitance of the storage capacitor is reduced more 
because capacitance is proportional to dielectric constant and inversely proportional to the 
distance between electrodes. 

SUMMARY OF THE INVENTION 
[0015] Accordingly, the present invention is directed to a method of fabricating a 

liquid crystal display having a storage capacitor with increased capacitance that substantially 

obviates one or more problems due to limitations and disadvantages of the related art. 

[0016] Additional features and advantages of the invention will be set forth in the 

description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention 
will be realized and attained by the structure particularly pointed out in the written 
description and claims hereof as well as the appended drawings. 

[0017] To achieve these and other advantages and in accordance with purpose of 

the present invention, as embodied and broadly described, a method of fabricating a liquid 
crystal display according to an aspect of the present invention includes forming a thin film 
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transistor at an area where a gate line crosses a data line; forming a protective film to cover a 
substrate where the thin film transistor is formed; simultaneously forming a perforation hole 
and a contact hole by selectively eliminating the protective film by use of a partial exposure 
mask; and forming a pixel electrode contacting a gate insulating film and a drain electrode of 
the thin film transistor through the perforation hole and the contact hole respectively. 

[0018] In another aspect of the present invention, forming the thin film transistor 

includes forming the gate line and a gate electrode on the substrate; forming the gate 
insulating film on the substrate to cover the gate electrode and the gate line; forming a 
semiconductor layer on the gate insulating film; and forming a source electrode and the drain 
electrode on the substrate where the semiconductor layer is formed. 

[0019] In another aspect, the contact hole extends through the protective film to 

expose the drain electrode. 

[0020] In yet another aspect, the perforation hole exposes the gate insulating film 

that overlaps the gate line. 

[0021] In yet another aspect, the partial exposure mask includes a full exposure 

area, a shielding area and a partial exposure area. 

[0022] In another aspect, forming the perforation hole and the contact hole 

includes depositing a photoresist on the substrate where the protective film is formed; 

eliminating the photoresist formed on the drain electrode and forming a photoresist pattern 

with a first area on the gate line and a photoresist pattern with a second area elsewhere by 
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photolithography using the partial exposure mask at the same time; and eliminating an area 
of the protective film corresponding to the drain electrode and an area of the protective film 
corresponding to the first area by use of the photoresist pattern as a mask. 

[0023] In yet another aspect, the first area in the photoresist pattern corresponds to 

the partial exposure area of the mask and the second area corresponds to the shielding area. 

[0024] The thickness of an area of the protective film corresponding to the partial 

exposure area is about 70% of the thickness of an area of the protective film corresponding to 
the shielding area. 

[0025] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] The accompanying drawings, which are included to provide a further 

understanding of the invention and are incorporated in and constitute a part of this 

specification, illustrate embodiments of the invention and together with the description serve 

to explain the principles of the invention. 

[0027] In the drawings: 

[0028] FIG. 1 is a plan view illustrating a liquid crystal display of the related art; 
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[0029] FIG. 2 is a sectional view illustrating a liquid crystal display taken along 

the line IMF in FIG. 1; 

[0030] FIGs. 3A to 3E are sectional views illustrating a fabricating method of the 

liquid crystal display shown in FIG. 2; 

[0031] FIGs. 4A to 4B are sectional views illustrating another type of a storage 

capacitor; 

[0032] FIG. 5 is a plan view illustrating a liquid crystal display according to the 

present invention; 

[0033] FIG. 6 is a sectional view illustrating the liquid crystal display taken along 

the line IV- IV' in FIG. 5; 

[0034] FIGs. 7A to 7E are sectional views illustrating a fabricating method of the 

liquid crystal display shown in FIG. 6; and 

[0035] FIGs. 8A to 8C are sectional views illustrating a fabricating method for 

forming a contact hole and a perforation hole shown in FIG. 7D. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
[0036] Reference will now be made in detail to the preferred embodiments of the 

present invention, examples of which are illustrated in the accompanying drawings. 
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[0037] FIG. 5 is a plan view representing a liquid crystal display according to the 

present invention. FIG. 6 is a sectional view representing the liquid crystal display taken 
along the line IV-IV' in FIG. 5. 

[0038] Referring to FIGs. 5 and 6, a lower substrate 31 of the liquid crystal display 

according to the present invention includes a TFT TP located at each intersection part of data 
lines 34 and gate lines 32, a pixel electrode 52 connected to a drain electrode 40, and a 
storage capacitor SP located at an area where the pixel electrode 52 overlaps a pre-stage gate 
line 32. 

[0039] The TFT TP includes a gate electrode 36 connected to the gate line 32, a 

source electrode 38 connected to the data line 34, and a drain electrode 40 connected to the 
pixel electrode 52 through a drain contact hole 20. Further, the TFT TP includes 
semiconductor layers 44 and 46 that form a channel between the source electrode 38 and the 
drain electrode 40 by a gate voltage applied to the gate electrode 36. The TFT TP responds 
to a gate signal from the gate line 32 to selectively apply a data signal from the data line 34 
to the pixel electrode 52. 

[0040] The pixel electrode 52 is located at a cell area bounded by the data line 34 

and the gate line 32, and is made from a transparent electrically conductive material with a 
high light transmittance. The pixel electrode 52 generates a potential difference together 
with a common electrode (not shown) formed at an upper substrate (not shown) by the data 
signal applied through the drain contact hole 50. This potential difference causes liquid 
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crystals located between the lower substrate 31 and the upper substrate (not shown) to rotate 
based on dielectric anisotropy. Accordingly, a light applied from a light source via the pixel 
electrode 52 is transmitted toward the upper substrate. 

[0041] The storage capacitor SP controls voltage variation in the pixel electrode 

22. The storage capacitor SP includes a pre-stage gate line 32, and a pixel electrode 52 
formed over the gate line 32 with a gate insulating film 42 therebetween. 

[0042] The pixel electrode 52 is in contact with the gate insulating film 42 through 

a perforation hole 56 extending through a protective film 48. 

[0043] Accordingly, the storage capacitor SP is made up of the gate line 32, the 

pixel electrode 52, and the gate insulating film 42. Because there is no separate storage 
electrode required in this invention, as contrasted with the storage capacitor of the related art, 
the fabrication process becomes simple, reducing the generation of pattern defects. Further, 
the storage capacitor SP of the liquid crystal display according to the present invention has a 
greater capacitance than a storage capacitor that is made up of the gate line and the pixel 
electrode with both the gate insulating film and the protective film therebetween. 

[0044] FIGs. 7A to 7E are diagrams representing a method of fabricating a liquid 

crystal display shown in FIG. 6. 

[0045] Referring to FIG. 7 A, the gate line 32 and the gate electrode 36 are formed 

on the substrate 3 1 . 
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[0046] To this end, a gate metal layer is deposited by deposition methods, such as 

sputtering, on the substrate 3 1 . The gate metal layer is made from aluminum AL or 
aluminum alloy etc. Subsequently, the gate metal layer is patterned by photolithography, 
including etching, using a first mask (not shown) so as to form the gate line 32 and the gate 
electrode 36 on the lower substrate 31. 

[0047] Referring to FIG. 7B, a gate insulating film 42, an active layer 44 and an 

ohmic contact layer 46 are formed on the substrate 31 provided with the gate line 32 and the 
gate electrode 36. 

[0048] To this end, an organic insulating material, such as silicon oxide SiO x or 

silicon nitride SiN x , etc., is deposited on the substrate 31 provided with the gate line 32 and 
the gate electrode 36 to form the gate insulating film 42. First and second semiconductor 
layers are continuously deposited on the gate insulating film 42 by a chemical vapor 
deposition method. The first semiconductor layer is formed of amorphous silicon that is not 
doped with impurities, and the second semiconductor layer is formed of amorphous silicon 
that is doped with n-type or p-type impurities. Subsequently, the first and second 
semiconductor layers are patterned by photolithography, including dry-etching, using a 
second mask (not shown), thereby forming the active layer 44 and the ohmic contact layer 
46. 
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[0049] Referring to FIG. 7C, the data line 34 and the source and drain electrodes 

38 and 40 are formed on the lower substrate 31 provided with the active layer 44 and the 
ohmic contact layer 46. 

[0050] To this end, a data metal layer is deposited by a deposition method such as 

a C VD method or a sputtering method on the lower substrate 3 1 provided with the active 
layer 44 and the ohmic contact layer 46. The data metal layer is made from chromium Cr or 
molybdenum Mo, etc. Subsequently, the data metal layer is pattern by photolithography, 
including wet-etching, using a third mask (not shown), thereby forming the data line 34, the 
source electrode 38 and the drain electrode 40. And then, the ohmic contact layer 46 
exposed between the source electrode 38 and the drain electrode 40 is eliminated by the dry 
etching process to separate the source electrode 38 from the drain electrode 40. Since the 
ohmic contact layer 46 is eliminated partially, an area corresponding to the gate electrode 36 
between the source and drain electrodes 38 and 40 in the active layer 44 becomes a channel. 

[0051] Referring to FIG. 7D, a protective film 48 is formed on the lower substrate 

31 provided with the source electrode 38 and the drain electrode 40. 

[0052] To this end, the protective film 48 is formed on the lower substrate 3 1 

provided with the source electrode 38 and the drain electrode 40, by depositing an insulating 
material. The protective film 48 is made from an organic insulating material, such as 
acrylic organic compound, benzocyclobutane (BCB), perfluorocyclobutane (PFCB), or the 
like, or and inorganic insulating material, such as silicon nitride (SiN x ), silicon oxide (SiO x ), 
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or the like. Subsequently, the protective film 48 is patterned by photolithography, including 
etching, using a fourth mask (not shown), thereby forming the drain contact hole 50 and the 
perforation hole 56. 

[0053] The drain contact hole 50 is formed to extend through the protective layer 

48, thereby exposing part of the gate insulating film 42 at an area where the gate insulating 
film overlaps the gate line 32. A process of forming the perforation hole 56 and the drain 
contact hole 50 will be further described later. 

[0054] Referring to FIG. 7E, a pixel electrode 52 is formed on the lower substrate 

3 1 provided with the protective film 48. 

[0055] To this end, a transparent conductive material is deposited on the protective 

film 48 by a deposition method such as sputtering. The transparent conductive material is 
indium tin oxide (ITO), indium zinc oxide (IZO), indium tin zinc oxide (ITZO), or the like. 
Subsequently, the transparent conductive material is patterned by photolithography, 
including etching, using a fifth mask (not shown). 

[0056] The pixel electrode 52 is electrically connected to the drain electrode 40 

through the drain contact hole 50 piercing the protective film 48. Further, the pixel 
electrode 52 is connected to the gate insulating film 42 through the perforation hole 56 
extending through the protective film 48 to form the storage capacitor SP together with the 
gate line 32 that is formed under the pixel electrode 52 with the gate insulating film 
therebetween. 
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[0057] FIGs. 8A to 8C represent diagrams of a fabricating method of forming a 

contact hole and a perforation hole shown in FIG. 7D. 

[0058] Referring to FIG. 8A, a photoresist 60 is spread on the entire surface of the 

lower substrate 3 1 provided with the protective film 48. And then, the fourth mask 68, 
which is a halftone mask or a diffractive mask, is aligned with the lower substrate 31. 
Herein, the fourth mask 68 includes a partial transmission layer 64 formed at a partial 
exposure area S3 of a transparent mask substrate 62 and a shielding layer formed at a 
shielding area SI . And the fourth mask 68 is formed to expose the transparent mask 
substrate 62 intact at the full exposure area S2. 

[0059] Referring to FIG. 8B, the photolithography using the fourth mask 68 

completely eliminates he photoresist fully exposed through the full exposure area S2, and 
forms a photoresist pattern 70 partially exposed or not exposed through the partial exposure 
area S3 and the shielding area SI. In particular, a first photoresist pattern 70A, which is not 
exposed by the shielding layer 66 of the fourth mask 68, in the photoresist pattern 70 is 
formed to have a first height, and a second photoresist pattern 70B, which is partially 
exposed by the partial transmission layer 64 of the fourth mask 68, is formed to have a 
second height that is relatively lower than the first height. 

[0060] Referring to FIG. 8C, the protective film 48 is patterned by dry-etching 

using the photoresist pattern 70 as a mask. Accordingly, the drain contact hole 50 and the 
perforation hole are formed to extend through the protective film 48. 
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[0061] The protective film 48 reacts to a dry-etching gas when forming the drain 

contact hole 50, whereas the drain electrode 40 does not, thus the protective film 48 is etched 
to expose the drain electrode 40. Further, the protective film 48 and the gate insulating film 
42 react on the dry-etching gas when forming the perforation hole 56, whereas the 
photoresist pattern 70B for forming the perforation hole 56 is relatively thin, thus the gate 
insulating film 42 is not etched and only the protective film 48 is selectively etched. 

[0062] Herein, an area of the protective film 48 covering the TFT, where the 

shielding layer 66 of the fourth mask 68 is located, is made to keep about 100% of its 
thickness. And an area of protective film 48 overlapping the gate line 32, where the partial 
transmission layer 64 of the fourth mask is located, is patterned to leave about 70% of its 
thickness. 

[0063] Then, the photoresist pattern 70 remaining at the protective film 48 and the 

source and drain electrodes 38 and 40 is eliminated by a strip process. 

[0064] As described above, according to the fabricating method of the liquid 

crystal display of the present invention, the storage capacitor is made up of the pixel 
electrode and the gate line with the gate insulating film therebetween. At this moment, only 
the protective film is patterned among the protective film and the gate insulating film formed 
between the pixel electrode and the gate line using the diffractive mask or the halftone mask, 
thereby leaving the gate insulating film between the pixel electrode and the gate line. In 
this way, the thickness of the insulating film formed between the pixel electrode and the gate 
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line can be selectively reduced using a diffractive exposure technique, thereby increasing the 
capacitance of the storage capacitor. Further, the probability of generating pattern defects is 
reduced because no separate storage capacitor is formed. 

[0065] It will be apparent to those skilled in the art that various modifications and 

variation can be made in the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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